INTRODUCTION
Application field of carbon fiber reinforced polymeric matrix composites (CFRPs) is still limited due to their dimensional instability regardless of the facts that carbon fiber has excellent low coefficient of liner expansion and high mechanical performance. Antennas and mirrors used in the space for observations through infrared or visible ray are required of extremely high dimensional stability. Dominant factors affecting time-dependent deformation of CFRPs are moisture absorption, chemical reactions, creep, and relaxation of internal residual stress. Targeting future applications of CFRP to space mirrors, our group started to examine above factors separately and to develop simulation techniques for the timedependent dimensional stability of CFRP structures. In this study, geometrical variations with time of CFRP plates were measured under a humid environment and a vacuumed condition. We discussed the effects of the environments on the geometrical instabilities. Nevertheless symmetric properties of the laminated specimens, they showed unpredictable geometrical variation like asymmetry materials. This is expected to be caused by a distribution of fiber volume fraction in thickness direction at each specimen. Hence, we investigated the fiber volume fraction as a function of position in thickness direction. And then, a FEA considering the distribution of the fiber volume fraction is conducted and the analytical results showed good agreement with the experimental results.
EXPERIMENTAL
The material in this study was K13710/AY33, which is a high modulus carbon-epoxy composite prepared from prepreg by autoclave molding. The layups considered for this study were unidirectional laminates [0 8 ] and cross-ply laminates [0 2 /90 2 ] s . The specimen's size was 280×280×2 [mm] . The specimens were preconditioned by drying them in a vacuumed oven at 140[°C] vacuumed condition. The specimen's shapes were measured by using straight measurement (Mitsutoyo SMS-800). The accuracy of the probe is 1[µm], so the shape change could be measured with a high degree of accuracy. After measuring dried specimens, they were placed at temperature and humidity controlled bath, which was controlled at 80[°C], 90[%] relative humidity. And the others were placed at vacuumed condition and temperature was kept at 80[°C].
RESULT Fig.1 . shows the dimensional change of the specimens at humid environment after 40 hours past. x and y axis are the position of specimen and z axis shows the dimensional changes from initial shapes in thickness direction. The flatness of specimen was changes as time past. For unidirectional laminates, the specimens bended perpendicular to the fibres direction. It was due to the small bending modulus for perpendicular to fibers direction. The amount of dimensional changes was about 1000 [µm] . This value is large enough when we design precise structures like antenna. Despite of the layup was symmetric, out-of-plane deformation arised. It was expected that the fiber volume faction was not uniform for thickness direction. In regard to cross-ply laminates, the out-of-plane deformation occurred at 45° directions against fibers. It is possible that fiber misalignment cause out-plane deformation. Fig.2 . shows the comparison of dimensional change at humid condition and vacuum condition. The effects of residual stress release and physical aging are small compared to swelling by moisture absorption. The residual stress, which was generated during processing, might be released while they dried at 140 [°C] .It was clear that main factor which causes dimensional instability is moisture absorption. Protecting moisture uptake is the most effective way to design the structures, which keep high dimensional stability. Fig.3 shows the comparisons between experimental results and numerical results. Numerical results were in good agreement with experimental results. 
